The Scedosporium apiospermum complex is responsible for a large variety of infections in human. Members of this complex have become emerging fungal pathogens with an increasing ocurrence in patients with underlying conditions such as immunosuppression or cystic fibrosis. A better knowledge of these fungi and of the sources of contamination of the patients is required and more accurate detection methods from the environment are needed. In this context, a highly selective culture medium was developed in the present study. Thus, various aliphatic, cyclic, or aromatic compounds were tested as the sole carbon source, in combination with some inorganic nitrogen sources and fungicides. The best results were obtained with 4-hydroxy-benzoate combined with ammonium sulfate and the fungicides dichloran and benomyl. This new culture medium called Scedo-Select III was shown to support growth of all species of the S. apiospermum complex. Subsequently, this new culture medium was evaluated successfully on water and soil samples, exhibiting higher sensitivity and selectivity than the previously described SceSel+ culture medium. Therefore, this easy-to-prepare and synthetic semiselective culture medium may be useful to clarify the ecology of these fungi and to identify their reservoirs in patients' environment.
Introduction
Species of the Scedosporium apiospermum complex are known since the early 20th century as etiological agents of various infections, ranging from subcutaneous mycetomas in healthy individuals to severe and often fatal disseminated infections in immunocompromised patients [1] [2] [3] [4] [5] . Currently, these filamentous fungi are among the most common moulds infecting humans. Similarly, colonization of the respiratory tract of patients with cystic fibrosis (CF) or pre-existing cavities is regularly reported in the litterature [6] [7] [8] .
Species of the S. apiospermum complex are prevalent in temperate climates and live usually in soil as saprophytes. These fungi have been isolated from hydrocarboncontaminated soils [9, 10] and are able to grow under microaerophilic conditions and to tolerate 5% NaCl in culture [11] . In addition, previous environmental studies demonstrated that they are more commonly found in humanimpacted environments, characterized by a high nitrogen content though to enhance the fungal growth or by the presence of high amounts of hydrocarbons [11] [12] [13] [14] . However, we still have a poor knowledge on the natural reservoirs of the S. apiospermum species complex and tools for selective isolation may be useful for monitoring environmental distribution as well as understanding sources of infection. On standard culture media, species of the S. apiospermum complex are easily overgrown by some rapidly and extensively growing fungi such as Aspergillus species. Therefore, their frequence may be underestimated. The use of semi-selective media which facilitates their isolation, should be preferred [15] . The yeast extract-peptonedextrose agar (YPDA) medium supplemented with chloramphenicol and cycloheximide, and the dichloran-rose Bengal-chloramphenicol (DRBC) medium supplemented with benomyl [16] are known to inhibit or to reduce growth of some rapidly and extensively growing fungi. Nevertheless, they lack selectivity, as attested by the growth of several thermotolerant pathogenic moulds. More recently, Rainer et al. [17] developed a semi-selective culture medium for the S. apiospermum complex (called SceSel+) based on modified Leonian's agar medium supplemented with dichloran, benomyl, and various antibiotics. Despite its higher selectivity, detection of the S. apiospermum complex with this culture medium may fail because of the fast and extensive growth of some Mucoralean fungi. In addition, the high number of its ingredients makes it uneasy to prepare.
In this study, we present the development and validation of a synthetic and easy-to-prepare semi-selective culture medium facilitating the detection of the S. apiospermum species complex for environmental and epidemiological studies.
Material and methods

Scedo-Select III development
Design of Scedo-Select III composition Reference media were used for the development step including: (i) the non-selective yeast extract-peptone-dextrose agar (YPDA) culture medium; (ii) SceSel+, a semi-selective culture medium for the S. apiospermum complex (17); and (iii) the dichloran-rose Bengal-chloramphenicol culture medium supplemented with benomyl (DRBC-benomyl) ( Table 1) .
At first, various nitrogen sources were tested. In preliminary assay, various inorganic nitrogen sources (ammonium sulfate, potassium nitrate, or sodium nitrite) were substituted to peptone in YPDA medium. The best candidates were selected and substituted to soy peptone in SceScel+ culture medium. Various aliphatic, cyclic, or aromatic hydrocarbons (14 compounds) were then tested as the sole carbon and energy source. In this aim, they were incorporated in basal medium in combination with the inorganic nitrogen sources previously selected (i.e. ammonium sulfate 5 g/l or sodium nitrite 0.625 g/l). For all these formulations, chloramphenicol was the only antibiotic added, and the yeast extract thought to be a vitamin source was omitted. Only a ferrous supply (FeSO 4 , 7 H 2 O: 0.01 g/l) was maintained. The different formulations were tested by measuring the diameter of the colonies after 7 days of incubation at 37
• C. Target microorganisms comprised four isolates of S. apiospermum complex and two isolates of A. fumigatus (Table S1 ). 
Specificity of Scedo-Select III medium
Fifteen strains belonging to the S. apiospermum complex (identified at the species level) and 14 other fungal species commonly found in soils were used (Table S1 ). Strains were inoculated in parallel on Scedo-Select III and YPDAcycloheximide and diameter of the colonies was measured after incubation for 7 days at 37
• C. As a control, viability of the strains was checked by cultivation on YPDA plates at 25
• C.
Scedo-Select III evaluation
Forty-five samples (40 soil samples and 5 water samples) were collected. Inoculation was performed during the sampling day. For soil samples, 4 g were suspended in 36 ml of sterile distilled water and the suspension was homogenized by continuous stirring for 10 min. The mixture was then filtered through sterile 45-μm-pore size nylon mesh and the resulting filtrate was centrifuged at 4000 rpm for 5 min. Finally, pellets were resuspended in 5 ml of sterile water, and 200-μl aliquots of these suspensions were streaked in triplicate on Scedo-Select III plates and in parallel on SceSel+ plates. As for water samples, they were first homogenized; afterward, six aliquots of 100 ml were filtered through sterile 0.45-μm-pore size membranes (45 mm diameter), then the membranes were deposited on ScedoSelect III or SceSel+ medium, three plates each. All plates were incubated at 37
• C and examined daily for fungal growth. All colonies were identified microscopically after mounting on glass slides in lactic blue stain, according to their morphological features as described by de Hoog et al. [18] . A statistical analysis of the obtained results was conducted using a non-parametric test. Since two media were inoculated for each sample, the results are matched pairs. Therefore, the Wilcoxon matched-pairs signed rank test was used. Correlation coeficients were computed with the Spearman test. GraphPad Prism version 6 (GraphPad Software, La Jolla, California, USA) was used to analyze the data. A probability level of p ≤ 0.05 was considered statistically significant.
Results
Scedo-Select III development
First, various nitrogen sources were tested for growth of the S. apiospermum complex. Preliminary results on YDA (Yeast extract-dextrose agar) medium supplemented with various inorganic nitrogen sources indicated that species of S. apiospermum complex were able to use ammonium sulfate, potassium nitrate or sodium nitrite. Although a slight reduction was observed in the diameter of the colonies for strains of the S. apiospermum complex, ammonium sulfate and sodium nitrite as the nitrogen source appeared to be good candidates for the development of a semi-selective culture medium, since their use resulted in a marked reduction of growth of Aspergillus fumigatus strains compared to bacteriological peptone (Table 2 ). To confirm these results, the selected inorganic nitrogen sources were substituted to soy peptone in SceSel+ culture medium. High concentration (5 g/l) of sodium nitrite prevented growth of strains of the S. apiospermum complex whereas ammonium sulfate at the two concentrations tested (0.625 or 5 g/l) strongly reduced growth of A. fumigatus strains, from 40% to 52%, with only minor changes in diameter of the colonies for strains of the S. apiospermum complex ( Table 2) .
Various hydrocarbons were then tested as the carbon and energy source. All strains of the S. apiospermum (5) 12 ± 3.7 19.5 ± 3.5 Ammonium sulfate (0.625) 11.5 ± 1.3 17 ± 1.4 Sodium nitrite (5) 0 ± 0 0 ± 0 Sodium nitrite (0.625) 10 ± 1.4 31 ± 12.7
Note: YDA, Yeast extract-Dextrose-Agar. a Results correspond to the mean diameter (± standard deviation) of the colonies obtained for four strains of S. apiospermum complex after 7 days of incubation at 37
• C. b Results correspond to the mean diameter (± standard deviation) of the colonies obtained for two A. fumigatus strains after 7 days of incubation at 37
• C. species complex were capable to grow in the presence of the different hydrocarbons tested except for 4-hydroxybenzaldehyde, p-cresol and phenol when sodium nitrite was used as the nitrogen source. Surprisingly, A. fumigatus was also able to use most of the carbon sources tested ( Table 3 ). The best results (defined as no significant changes in colony diameter for strains of the S. apiospermum complex together with a marked reduction in the size of colonies for A. fumigatus strains) were obtained with the following combinations: 4-hydroxy-benzoate or dodecane associated with ammonium sulfate and cyclohexane, heptane, or pphenyl-benzoate associated with sodium nitrite. Thereby, to increase further selectivity, these selected combinations were supplemented with two different fungicides, cycloheximide or benomyl. Aspergillus fumigatus was strongly inhibited by benomyl, which affected moderately growth of Scedosporium strains. The most promising results were obtained with 4-hydroxy-benzoate and ammonium sulfate as carbon and nitrogen sources associated with benomyl (Table 3) . Finally, dichloran was also included in the final composition of this new medium called Scedo-Select III (Table 1) . Several strains of the S. apiospermum complex identified at the species level were then tested for growth on this new formulation and selectivity of Scedo-Select III was investigated by cultivation of various other saprophytic moulds chosen among the most common telluric fungi. Diameter of the colonies was compared with that obtained on YPDA supplemented with cycloheximide and viability of the tested fungi was checked by parallel culture on YPDA with incubation at 25
• C. Results are summarized in Table 4 . Colonies of similar size were seen on the two culture media for all strains of the S. apiospermum complex, representing the five species recognized today within this species complex. Only a few mould species grew at 37 • C, producing colonies of similar size on both YPDA-cycloheximide and Scedo-Select III culture media except for Lichtheimia corymbifera whose growth was almost completely inhibited on Scedo-Select III, and Mycotypha microspora, which grew only slightly on Scedo-Select III.
Scedo-Select III evaluation
To evaluate efficiency of the Scedo-Select III culture medium for detection of the S. apiospermum complex, 45 samples, Figure 1 . Selectivity of the Scedo-Select III culture medium. The Scedo-Select III culture medium was compared to the previously described semiselective culture medium for the S. apiospermum complex, SceSel+, regarding both the median number of colonies of the S. apiospermum complex per sample and the median total number of fungal colonies recovered per sample from samples culture-positive for the species complex on at least one of the culture media used (23 out of 45 samples analyzed). Wilcoxon matched-pairs signed rank test was used to anlyze the data. Significant differences are indicated by an asterisk.
including 40 soil samples and 5 water samples, were collected, and analysis of the fungal biota was performed by triplicate inoculation of the samples in parallel on ScedoSelect III and SceSel+ agar plates. Twenty-three samples were culture-positive for the S. apiospermum complex : 10 on both media, 10 on Scedo-Select III only, and 3 on SceSel+ only (Table S2) . Thereby, 579 colonies of the S. apiospermum species complex were detected on Scedo-Select III, whereas they were only 210 on SceSel+ (Tables S2 and S3) . Species of the S. apiospermum complex were not detected in water using SceSel+, whereas 4 out of the 5 water samples were culture-positive for the S. apiospermum complex using Scedo-Select III. Regarding samples positive on at least one of the two culture media used, inoculation on Scedo-Select III compared to SceSel+ resulted in a lower median for the total number of fungal colonies ( ) and statistical analysis revealed significant differences in both sensitivity and specificity (Fig. 1) . These results demonstrated the higher efficiency of Scedo-Select III compared to SceSel+. Moreover, microscopic examination of fungal isolates recovered on each culture medium revealed that the number of colonies detected on Scedo-Select III for Mucoralean fungi (such as Mortierella, Cunninghamella, Lichtheimia, Rhizopus or Rhizomucor species) and hyaline hyphomycetes (especially Aspergillus, Fusarium, Scopulariopsis and Trichoderma speices) was markedly lower. By contrast, dematiaceaous fungi (i.e., Alternaria, Doratomyces, and Ulocladium species) were more frequently recovered with Scedo-Select III (Table S3 ).
Discussion
Because of its clinical significance and of its low susceptibility to current antifungals, prevention measures aiming to reduce the risk of contamination of the patients by species of the S. apiospermum complex are needed, but they require the identification of the reservoirs of the fungus in patients' environment [1, 2] . Nevertheless isolation of these fungi from environmental sources is challenging. Highly selective methods are required to prevent its underestimation due to the overgrowth of some rapidly and extensively growing thermotolerant fungi such as A. fumigatus and some Mucoralean fungi like Lichtheimia corymbifera [15, 19] . In order to avoid problems related to DNA extraction and polymerase chain reaction (PCR) detection from soil samples (i.e., efficiency, presence of PCR inhibitors and bad representativeness of low frequent species), development of a new selective medium was preferred. Indeed, the standard culture media (YPDA supplemented with cycloheximide and DRBC-benomyl) and, in a lesser extent, the first semi-selective medium SceSel+ developed for the S. apiospermum complex [17] lack of selectivity, sometimes resulting in failure to detect S. apiospermum complex. Moreover, the complexity of SceSel+ formulation (due to the high number of ingredients, some of them being non chemically defined) may limit its use. Therefore, an adequate nutritive base for the S. apiospermum complex was defined to prevent as efficiently as possible the growth of contaminants, and we report here the development of the first totally synthetic semi-selective medium for this species complex. This medium has a chemically defined and constant formulation, unlike media comprising yeast and/or malt extracts whose composition may differ from one batch to another. This characteristic should allow an increased reproducibility of experiments.
Germination of fungal spores is one of the crucial features affecting isolation efficacy. Regarding the S. apiospermum complex, germination levels were shown previously to be unaffected by antibacterial and antimycotic agents like chloramphenicol, dichloran and benomyl [17] . Therefore, only colony diameter was measured in the present study to characterize growth of strains of the S. apiospermum complex on the various formulations tested.
Fungi can use a wide array of compounds as nitrogen sources, ammonium salts, glutamine and glutamate being the preferred ones. When these compounds are not available, assimilation of inorganic nitrogen sources may occur more or less rapidly [20] . For example, the capability to use nitrate or nitrite is restricted to relatively few yeast species and, regarding moulds, Mucor spp. do not exhibit this ability [21] . Consequently, the selectivity of three inorganic nitrogen compounds involved at different steps of the nitrogen cycle, was investigated. All strains tested of the S. apiospermum complex were able to assimilate ammonium as well as nitrate and nitrite. By contrast, a markedly reduced growth was observed with ammonium and nitrite for A. fumigatus.
Species of the S. apiospermum complex are well known to degrade aromatic compounds [9, 10] , but similar properties have also been reported for other opportunistic fungal pathogens belonging to the so-called group of black yeasts like species of the genus Exophiala and some filamentous relatives like Cladophialophora species [22] [23] [24] [25] . For instance, species of the S. apiospermum complex share with these dematiaceous fungi some characteristics hypothesized to be related to the capacity of metabolizing aromatic compounds, such as thermotolerance and a marked predilection toward brain infections [1] . A link between the capacity of metabolizing hydrocarbons and certain pattern of mamalian mycoses, especially neurological infections, therefore was suggested. Here, this metabolic feature was used to increase the selectivity of the culture medium. Thereby, various aliphatic, cyclic or aromatic hydrocarbons were evaluated as the sole carbon source. The strains tested of the S. apiospermum complex were able to use most of these compounds. Moreover, compared to glucose or maltose used in YPDA and SceSel+ media respectively, 4-hydroxybenzoate supported equivalent growth of these strains. In addition to carbon and energy source, another function of this component could be hypothesized to explain this result. Indeed, fungi are not capable to assimilate directly extracellular iron which is essential in major physiological processes in the fungal cells such as respiration or ergosterol biosynthesis. To do this, they secrete small molecules called siderophores which chelate the iron, thus rendering it assimilable by the fungus. Based on their chemical structures, several classes of fungal siderophores are described [26] . 4-hydroxy-benzoate is similar to phenolates/catecholates and therefore may be used by the fungus as a siderophore.
Finally, addition of fungicide molecules is necessary to optimize selectivity of the culture medium, and benomyl was more efficient than cycloheximide. These results are in agreement with those obtained by Summerbell et al. [27] . Scedosporium apiospermum complex is resistant to benomyl while species belonging to the genera Aspergillus, Fusarium, Cladosporium, Penicillium or Paecilomyces are more sensitive.
In conclusion, our results indicated that Scedo-Select III greatly facilitates the detection of the S. apiospermum complex from environmental sources. Soil and water samples were successfully tested in this study. Therefore, this medium should contribute to a better understanding of the origin of contamination / infection of the patients. Although not intended primarily for clinical analysis, studies are currently performed to evaluate the interest of the Scedo-Select III medium in this context, especially for examining respiratory secretions from CF patients and to define terms of use. Indeed, the greater selectivity of Scedo-Select III allows to inoculate larger sample volumes. Finally, this well-defined and synthetic medium should facilitate future biochemical studies aimed to identify and purify putative virulence factors of the fungus as well as candidates for development of a serological test.
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